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Abstract 
Background: The main treatment modalities for malignant tumors is surgery, 
chemotherapy and/or radiotherapy that are gonadotoxic. Cancer therapy can 
affect ovarian function, both the production of hormones and reproductive 
potential. The worst consequence is premature ovarian insufficiency, and 
infertility. One of the way to maintain reproductive function is in the form of 
freezing and auto transplantation of the ovary.  
 
Methods: This analytical experiment study was conducted on 27 Wistar rats 
(Rattus novergicus) which were divided into 3 groups. Group 1 (G1) did not 
conduct bilateral oophorectomy. Group 2 (G2) conducted bilateral oophorectomy 
without auto transplantation. Group 3 (G3) conducted bilateral oophorectomy 
with auto transplantation. Sampling is done on the first day, the eighth day (seven 
days after bilateral oophorectomy, during early menopause) and day 36 (28 days 
after auto transplantation). Measurement estradiol levels using rat estradiol 
ELISA kit. Analysis of data using ANOVA test and Post Hoc test on SPSS 
(Software Package for Social Science). 
 
Results: Mean estradiol levels were measured at day 36 in G1=15.889 ng/mL, at 
G2=14.879 ng/mL and the G3=22.664 ng/mL. There were no significant 
differences between G1 and G2 (p> 0.05). We found significant differences 
between G1 and G3 (p <0.05), also between G2 and G3 (p <0.05). This shows 
there is an influence of auto transplantation to estradiol levels.  
 
Conclusion: There is influence of auto transplantation to estradiol levels in early 
menopausal Wistar rats. Estradiol levels in the group with auto transplantion 
increased significantly (P<0.05) compared with the group without auto 
transplantation. 
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Abstrak 
Latar Belakang: Modalitas pengobatan utama untuk tumor ganas adalah operasi, 
kemoterapi dan/atau radioterapi yang bersifat gonadotoksik. Terapi kanker dapat 
mempengaruhi fungsi ovarium, baik produksi hormon dan potensi reproduksi. 
Konsekuensi terburuk adalah insufisiensi ovarium prematur dan infertilitas. Salah 
satu cara mempertahankan fungsi reproduksi berupa simpan beku dan auto 
transplantasi ovarium.  
Metode: Penelitian eksperimental analitik ini dilakukan pada 27 tikus Wistar 
(Rattus novergicus) yang dibagi menjadi 3 kelompok. Kelompok 1 (K1) tidak 
dilakukan bilateral ooforektomi. Kelompok 2 (K2) dilakukan bilateral 
ooforektomi tanpa auto transplantasi. Kelompok 3 (K3) dilakukan bilateral 
ooforektomi dengan auto transplantasi. Pengambilan sampel dilakukan pada hari 
pertama, hari ke delapan (tujuh hari pasca bilateral ooforektomi, pada masa early 
menopause) dan hari ke 36 (28 hari setelah auto transplantasi). Pengukuran kadar 
estradiol menggunakan rat estradiol ELISA kit. Analisis data menggunakan 
ANOVA test dan Post Hoc test pada SPSS (Software Package for Social 
Science).  
Hasil: Rerata kadar estradiol yang diukur pada hari ke 36 pada K1=15,889 
ng/mL, pada K2=14,879 ng/mL dan pada K3=22,664 ng/mL. Tidak didapatkan 
perbedaan signifikan antara K1 dan K2 (p>0,05). Didapatkan perbedaan 
bermakna antara K1 dan K3 (p< 0,05), juga antara K2 dan K3 (p< 0,05). Hal ini 
menunjukkan terdapat pengaruh auto transplantasi pada kadar estradiol. 
Kesimpulan: Ada pengaruh auto transplantasi terhadap kadar estradiol pada 
tikus Wistar early menopause. Kadar estradiol pada kelompok dengan auto 
transplantasi meningkat sangat signifikan (p<0.05) dibandingkan dengan 
kelompok tanpa auto transplantasi. 
Kata Kunci: Kadar estradiol, Early menopause, Auto transplantasi 
 
BACKGROUND 
The main treatment modalities for malignant tumors is surgery, 
chemotherapy and/or radioterapi.
1
 Chemotherapy or radiation for cancer are 
gonadotoxic and can affect ovarian function, both the production of hormones 
and reproductive potential. The worst consequence is premature ovarian 
insufficiency, and infertility, causing large problems of life quality.
2
 
There are efforts to maintain ovarian function in women undergoing 
chemo/radio therapy in the form of surgical therapy with ovarian transposition, 
adjuvant therapy that protects fertility and freezing.
3
 Attempt to preserve 
 
 
 
 
reproductive function with a drug and surgical therapy proved to be ineffective in 
protecting the ovaries from damage during cancer therapy, so freezing technique 
is developed. Efforts to bring back reproductive function by embrio, oocytes and 
ovarian tissue freezing have resulted in good results.
4
 
 
METHOD 
Method of ovarian tissue freezing that was selected in this study is 
vitrification. In this analytical experimental studies, we used 27 Wistar rats 
(Rattus novergicus) aged 10-12 weeks with a weight of 200-250 grams. We 
divided the experimental animals into three groups, synchronization was done by 
placing male rats near the subjects. Measurement of estradiol levels were done 
three stages: 
1.  Day 1, measuring of estradiol levels in all groups, bilateral oophorectomy 
performed in groups 2 and 3, then we do vitrification, and ovarian freezing in 
group 3. 
2.  Day 8, measuring of estradiol levels in all groups, followed by thawing and 
auto transplantation in group 3. 
3.  Day 36, measuring of estradiol levels in all groups. 
Measurement of estradiol levels using rat E2 (Estradiol) ELISA kit, Fine 
Test® produced by Wuhan Fine Biological Technology, China. We do single 
measurement method. Data analysis using SPSS (Software Package for Social 
Science).  
 
RESULT 
This study took place in LPPT (Lembaga Penelitian dan Pengujian 
Terpadu) Yogyakarta, in November 2016 – January 2017. We obtained 80 
samples from this study, there was no subject that died during this study.  
Estradiol level Day 1 Day 8 Day 36 
Group 1 Rat 1 20.1100 15.8437 16.0377 
Rat 2 20.1100 15.6141 15.5762 
Rat 3 20.1590 16.2735 15.4253 
Rat 4 20.4554 16.0377 15.6141 
Rat 5 20.5053 15.9987 15.9210 
Rat 6 19.9637 15.8823 16.0767 
Rat 7 20.1590 15.8437 16.2339 
 
 
 
 
Rat 8 19.9152 15.6521 16.3131 
Rat 9 21.0103 15.3504 14.8725 
Group 2 Rat 1  
17.8933 
Post bilateral 
oophorectomy 
Post bilateral 
oophorectomy 
15.2759 15.2759 
Rat 2 17.6340 15.2018 14.6927 
Rat 3 17.8933 15.4629 14.9450 
Rat 4 17.5058 15.5762 14.9450 
Rat 5 17.1683 15.0545 15.2388 
Rat 6 17.3785 15.4629 14.4797 
Rat 7 17.7200 15.2759 15.6903 
Rat 8 17.5912 15.3504 15.0179 
Rat 9 18.4683 15.5006 16.5934 
Group 3 Rat 1  
15.8052 
Post bilateral 
oophorectomy 
Post Auto 
Transplantation 
15.1279 20.6555 
Rat 2 15.6521 15.3878 21.2674 
Rat 3 15.9598 15.3131 22.7668 
Rat 4 15.9210 15.6141 22.7668 
Rat 5 15.9987 15.5383 22.4369 
Rat 6 16.4326 15.8823 23.8440 
Rat 7 16.5128 15.2388 23.7861 
Rat 8 16.1159 15.6903 23.7861 
Rat 9 18.0244 16.1159 - 
Table 1. Rat estradiol levels after study (pg/mL, x1000) 
Homogeneity test was performed with Levene test, obtained significant 
value of 0.616 (p>0.05), which shows the control group had the same variant 
(homogeneous). 
 
 
Figure 1. Graph of the average results of estradiol (pg/mL, x1000) 
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From the data analysis using Oneway ANOVA and Post Hoc test, we 
obtained mean estradiol levels Wistar rats as in the following table: 
 Day 1 
(n=9) 
Day 8 
(n=9) 
Day 36 
(n=9) 
p 
Group 1 20.17 15.89  0.000* 
Group 1 20.17  15.89 0.000* 
Group 1  15.89 15.89 1.000 
Group 2 17.59 15.33  0.000* 
Group 2 17.59  14.87 0.000* 
Group 2  15.33 14.87 0.894 
Group 3 16.04 15.47  0.684 
Group 3 16.04  22.66 0.000* 
Group 3  15.47 22.66 0.000* 
Table 2. Mean estradiol levels of Wistar rats (pg / mL, x1000), * significance if 
p<0.05 
 
From Table 2, levels of estradiol were found having significant difference 
between groups 1 day 1 and day 8, also between days 1 and 36 with a value of 
p<0.05. There were no significant difference in group 1 on day 8 and 36. We also 
found significant difference in the group 2 on day 1 and day 8, as well as between 
day 8 and 36 with a value of p<0.05. There were no significant differences in 
group 2 on day 8 and 36. In group 3, we did not find significant difference 
between days 1 and 8. We found significant difference between days 1 and 36 in 
gropu 3, also between days 8 and 36 with a value of p <0.05. 
 
DISCUSSION 
In 2015, there were an estimated of 810.170 new cases in women in the 
United States. Cancer is the leading cause of death in the United States after heart 
disease, representing 25% the causes of death.
5
 Recent advances in oncology 
have improved survival rates significantly in cancer patients. Unfortunately, 
cancer treatment such as chemotherapy/radiotherapy can be very harmful to the 
ovaries, often resulting in loss of endocrine and reproductive functions in 
 
 
 
 
women.
6
 Ovaries are very sensitive to sitostatica and radiation, chemotherapy or 
radiotherapy can cause damage to ovaries.
7
 
Currently various methods for preservation of reproductive function in 
cancer patients undergoing chemotherapy or radiotherapy are being developed. 
Method for freezing of sperm, embryos, oocytes or ovarian tissue can be used in 
preservation of reproduction function.
8
 Goals of freezing are to reduce cell 
damage and helps the cell to degenerate.
4
 Vitrification is frozen method by rapid 
cooling which results in compaction without crystallization, avoiding cold injury 
resulting from the formation of ice.
9
 Ovarian cortex freezing is considered easier 
to do than whole ovarian freezing. It is due to the thickness of ovarian tissue, the 
thinner the tissue, permeation of cryo protectan agent at exact concentrations and 
intracellular to extracellular fluid displacement will be faster to prevent the 
formation of ice crystals.
4
 
Estradiol levels (E2) in the early follicular phase could be additional 
information that is useful for evaluating ovarian reserves.
8
 It could be anticipated 
that the direct product of ovarian hormones would be a good marker for ovarian 
response compared to indirect markers such as age and FSH.
10
 
Some studies in mice have shown success, in terms of folliculogenesis 
and return of endocrine function, after transplantation of ovarian avascular rat to 
a different place. Methods of rat ovarian freezing with DMSO (dimethyl 
sulfoxide) and orthotopic avascular transplantation generate recovery cycles, 
albeit with a lower fertility rate than the transplantation of fresh ovaries.
1
 
Estradiol levels were higher in the group 2 after bilateral oophorectomy, 
which is approaching the levels of estradiol control group, can be caused by extra 
gonadal production of estradiol. It can also be the cause of exceeding estradiol 
levels over the control group after auto transplantation in group 3. 
This study shows that the vitrification method, followed by freezing, 
thawing for further auto transplant can be performed in experimental animals in 
the form of Wistar rats. This is indicated by significantly elevated estradiol levels 
in the group that do auto transplant compared with the group that do not. 
This is a preliminary study, so there are limitations to this study. From the 
data we obtain, we still do not know the cause of high estradiol levels at initial 
 
 
 
 
measurement in control. Further research is needed to enhance the results of our 
research. In further research other method of synchronization can be done to 
produce produce similar estradiol levels. For example chemical method, by 
administering PMSG (Pregnant Mare's Serum Gonadotropin). 
 
CONCLUSION 
Estradiol levels after auto transplantion is higher than without auto 
transplantation. We obtained the estradiol levels in the group with auto 
transplantion differs significantly (P <0.05) with the estradiol levels in the group 
without auto transplantation. 
 
RECOMMENDATION 
We expect with the increased levels of estradiol post auto transplantion this study 
can be used as a preservation method of reproduction in humans. In further study, 
synchronization of estradiol levels can be done with method that produce uniform 
results, for example by chemical means by administering PMSG (Pregnant 
Mare's Serum Gonadotropin). 
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